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Neuroendocrine Neoplasms 



An umbrella definition that embraces a broad family of neoplasms that 

originate in neural and endocrine structures. 
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Gastroenteropancreatic Neuroendocrine 

Neoplasms (GEP-NENs) 

Neoplastic lesions, composed either by cells with a well-developed NE 
phenotype or by cells with poorly developed but stili recognizable and 
prominent NE features. 



They are called neuroendocrine neoplasms (NENs) because of the marker 
proteins that they share with the neural celi system. 



They arise from the NE celi system that forms organoid celi aggregations or 
from the endocrine cells dispersed in different organs and belonging to the so- 
called diffuse neuroendocrine system (DNES) . 
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Diffuse Neuroendocrine System 

The neuroendocrine cells disperseci in different organs 




Table 1 Gastrointestinal neoplasms 
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Rindi, G. & Wiedenmann, B. (2011) Neuroendocrine neoplasms of the gut and pancreas: new insights 

Nat. Rev. Endocrinol. doi:10.1038/nrendo. 2011.120 
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Evolution of the Diffuse Neuroendocrine System - Clear Cells and Cloudy Origins 

Irvin M. Modlin 



1868- Rudolf Peter Heidenhain identified human gastrointestinal tract 
enterochromaffin cells (ECL) of the gastric glands. 

1869- Paul Langerhans, while a medicai student, reported pancreatic islets in 

his thesis, without reference to their endocrine function. 



1877- Gustave Edouard Laguesse, proposed their function and named them 
'Islets of Langerhans' in memory of Langerhans who had died 
prematurely of tuberculosis. 



Evolution of the Diffuse Neuroendocrine System - Clear Cells and Cloudy Origins 

Irvin M. Modlin 



1914- Pierre Masson (right), with a novel Silver stain technique, was the first to 
suggest that the scattered endocrine cells of the Gl tract were connected to 
constitute a diffuse endocrine organ. 

With Antonin Gosset, he postulated the endocrine origin of intestinal carcinoids and 
suggested the relation between neural and endocrine lesions in the appendix, 
laying the basis for the concepì of neuroendocrine tumors 



Evolution of the Diffuse Neuroendocrine System - Clear Cells and Cloudy Origins 

Irvin M. Modlin 



1938- Friedrich Feyrter: identified with the Masson's staining a aroup of cells, budding 
and branchi ng from the ductal epithelium, and called them belle Zeflen'. 

His proposai s were assimilated into the concept of a diffuse endocrine organ in 
the gut , and published as 'Ùber diffuse endocrine epitheliale Organe'. 



Diffuse Neuroendocrine System 

The neuroendocrine cells disperseci in different organs 




Diffuse Neuroendocrine System 



Regulate, together with the autonomie nervous system and the 
specialized endocrine glands, the digestive function. 

The DNES integrated in the intestinal wall outnumber ali other 
endocrine organs. 



Evolution of the Diffuse Neuroendocrine System - Clear Cells and Cloudy Origins 

Irvin M. Modlin 



1966- Pearse, grouped into one entity ali the diffusely scattered endocrine cells (>40) 
by introducing the term 'APUD' (amine precursor uptake and decarboxylation). 

He proposed: 

- a neural crest derivation 

- their supercontrol by the autonomie and somatic nervous system 

- they represented the endocrine division of the nervous system whose task was 

to modulate the effeets of the faster acting autonomie and somatic divisions 



Quail-Chick Chimeras 

• Nicole Le Douarin pioneered the use of quail-chick chimeras to 
study the developmental fate of cells in the bird embryo. 



http://www.sdbonline.org/sites/archive/dbcinema/ledouarin/ledouarin.html 



Conserved Genetic Pathways Controlli ng the Development of the Diffuse 

Endocrine System in Vertebrates and Drosophila 



• Endocrine cells, absorptive enterocytes, secretory cells ali derive 
from pluripotent progenitors of the embryonic endoderm. 

• Notch signaling pathway that distinguishes the fate of 
secretory/endocrine cells, is very similar to the selection of neural 
progenitors within the neurectoderm. 

• Activation of the Notch pathways restricts the number of endocrine 
cells and promotes enterocyte development. 

• Proneural genes are required in prospective endocrine cells. 
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Notch signaling pathway as a part of a larger "gene 

cassette" to differentiate the fates 

• Neurectoderm splits into two major celi populations: 

• 1 - neuroblasts, that produce the centrai nervous system, 

• 2- epidermoblasts, that give rise to the epidermis 

• In Midgut epithelium, Notch activation favors enterocytes at the 
expense of endocrine/secretory cells. 



A Neurectoderm 



B 





Gen Comp Endocrini. 2010 



Conserved Genetic Pathways Controlling the Development of the Diffuse 

Endocrine System in Vertebrates and Drosophila 
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• The endoderm forms an epithelial tube in which ali 
cells are mitotically active. 

• The epithelium is gradually folded into the villi and 
crypts, in which the proliferation becomes 
restricted. 

• The adult crypts show a small number of slowly 
dividing sterri cells, and at the base of the villi, cells 
enter a phase of fast proliferation, move towards 
the tip of the villi, become postmitotic and 
differentiate. 

• At the villus tip, the old and/or damaged 
enterocytes and endocrine cells undergo 
apoptosis. 

The first enteroendocrine cells first appear at 
an early stage of development before the gut 
epithelium has formed villi and crypts. 
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Conserved Genetic Pathways Controlling the Development of the Diffuse 

Endocrine System in Vertebrates and Drosophila 



• "Genetic overlap" between endocrine and neural cells is greater than 
previously expected. 

• Celi communication through secreted, diffusible signals, by specialized 
epithelial cells integrated into the epidermis and the intestinal lining, is 
phylogenitcally older than neural tran sm issi on. 

• As a nervous system was "invented" (cells sending out processes and 
forming specialized synaptic contacts), many of the endocrine cells became 
incorporated into the emerging nervous system. 
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An Enteroendocrine Celi - Enteric Glia Connection 

The cornerstone of the perception of f lavor. 



Eatcrucndocfiae celi 



Villi» 



r 



Crypis 



hntcnc glia 




• In response they secrete CCK, PYY, potent regulators of appetite. 

• 73.5% of the peptide-secreting vesicles are contained within an axon-like basai 
process (neuropod), that contains neurofilaments, which are typical structural 
proteins of axons. 



PLOSOISIE 2014 
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Evolution of the Diffuse Neuroendocrine 
System - Clear Cells and Cloudy Origins 

Irvin M. Modlin 



Feyrter may have only succeeded in opening the neuron endocrine equivalent 
of Pandora's Box. 



The current view 



Neurons and endocrine cells share a common phenotypic program and markers. 



The future 

To comprehend the integration of neural, endocrine and immune regulation as a 
coherent, modulatory system. 



The messengers 




The Neuroendocrine celi 

IWo regulated patti ways cf secr ettoci 




Celi métribc ar*-associated martora 
SSTRà. N-CAM 




Rindi & Wiedenmonn, Nat Rev Endocrino! 2012 8: 54-65 



NET CONSENSUS GUIDELINES 



ENETS Consensus Guidelines for the Standard* 
of Care in Neuroendocrine Tumors: Towards 
a Standardized Approach to the Diagnosi* of 
Gastroenteropancreatic Neuroendocrine Tumors 
and Their Prognostic Stratification 



Anni CewwUr^ Aur«l JWr^n' Paul KommincrtH* 
Urtato Plftctanoaf* «Il u4h«v M«llo»i* Co»»*ef**o* 



Neuroendocrinology 2009:90:162 166 



Pathology Reporting of Neuroendocrine Tumors: 
Application of the Delphic Consensus Process to the 
Development of a Minimum Pathology Data Set 
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CHROMOGRANIN 



tAIMIN A 




Neuroendocrine Tumors (NETs) 

Anatomie distribution and embryonic origin 1 3 



Pancreatic NETs 
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Organ of Origin and Survival 



2 

1 

E 




Survival 65 % ofpatients with advanced NET 

be alive in 5 years 



Colon 
Lung 

Pancreas 

Rectum 
Small bowel 



Time (months) 



Yao JC et al. J Clin Oncol. 200826:3063-72. 
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WHO Classification 2010 



Neuroendocrine Tumor (NET) 

• Well-differentiated morphology 
(ali have malignant potential) 



Neuroendocrine Carcinoma (NEC) 

• Poorly differentiated morphology 
(Small celi - Large celi) 



+ Z* •* # ' *mS 




Bosman FTetal. eds. WHO classification of tumours of the 
digestive system. 4th ed. Lyon, France: tARC Press; 2010. 
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GEP-NET Nomenclature 



WHO2010 



1. NET G1 (carcinoid) 

2. NET G2 

3. NEC (large-cell or small-cell type) 

4. Mixed adenoneuroendocrine carcinoma (MANEC) 

5. Hyperplastic and preneoplastic lesions 

Abbreviations: G, grade; NEC, neuroendocrine carcinoma; NET, neuroendocrine t umor. 

Bosman FTetaJ. eds. WHO classification of tumours of the 
digestive system. 4th ed. Lyon, France: IARC Press; 2010. 

25 



GEP-NET Grading-WHO 2010 



KÌ67 



Mitosis 




<2% 



<2per10HPF 



3 - 20 % 



> 20 % 



2-20 per 10 HPF ■ > 20 per 1 0 HPF 



Grade 



G1 



G2 



G3 



Bosman FT et al. eds. WHO dassification of tumours ofthe 
digestive system. 4th ed. Lyon, France: IARC Press; 2010. 
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TNM for Foregut NET 



Stomach 


Tis 


In situ tumour/dysplasia (<0.5 mm) 




T1 


Tumour invades lamina propria or submucosa and £1 cm 




T2 


Tumour invades muscularis propria or subserosa or >1 cm 




T3 


Tumour penetrates serosa 




T4 


Tumour invades adjacent structures 






For any T, add (m) for multiple tumours 


Duodenum 


T1 


Tumour invades lamina propria or submucosa and £1 cm 


Ampulla 


T2 


Tumour invades muscularis propria or size >1 cm 


Prox 


T3 


Tumour invades pancreas or retroperitoneum 


Jejunum 


T4 


Tumour invades peritoneum or other organs 




For any T, add (m) for multiple tumours 


Pancreas 


T1 


Tumour limited to the pancreas and size <2 cm 




12 


Tumour limited to the pancreas and size 2-4 cm 




13 


Tumour limited to the pancreas and size >4 cm or invading duodenum or bile duct 




T4 


Tumour invading adjacent organs (stomach, spleen, colon, adrenai gland) or the 






wall of large vessels (celiac axis or superior mesenteric artery) 






For any T, add (m) for multiple tumours 
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TNM for Midgut and Hindgut NET 



Jpiunum 

UwlUI 1 Ul 1 1 


TI 

1 1 


Tumour invades mucosa or submucosa and size ^ 1 cm 

1 wl III VJ Ul 1 1 1 V UUvO 1 1 IU UV/O CI \J 1 \D \A kJ 1 1 1 Uw W\J CI Ul 1 V4 Jl w — 1 KJ\ 1 1 


1 1 i m 
il trulli 


T2 


Tumour invades muscularis propria or size > 1 cm 




T3 


Tumour invades subserosa 




T4 


Tumour invades peritoneum/otherorgans 


Annpndix 


T1 


Tumour £ 1 cm invadina submucosa and muscularis DroDria 




T2 


Tumour ^ 2 rm invadinn ^uhmuro^a mu^culari^ nronria ^ncì/nr minimallv (un to 

1 U 1 1 1 UU 1 -a éw vvl 1 1 III YuU 1 1 ly OUUI 1 1 UwUO CI, 1 1 1 UOUUIul IO yJ\ \JyJ\ 1 Ci GII 1 KM Ul 1 1 III III 1 1 GII 1 V ^UU LU 






3 mmì invadino suhspro^a/mpsoannpndix 

vJ 111111/ 1 1 1 V Ci\J 1 1 1 KJ OUL/OCI UOUi II 1 V/OuuUL/v/l IUIA 




T3 


Tumour > 2 cm and/or extensive (more than 3 mmì invasion of 

1 U 1 1 1 W CI 1 &■ v/ 1 1 1 VA 1 1 V*1/ \J 1 V** AVI, w 1 1 w 1 V Sri? Vili VV 1 v> l> 1 1 U 1 1 W 1 1 1 1 1 1 J HIV UU 1 \J 1 1 VX 1 






subserosa/mesoaDDendix 




T4 


Tumour invades peritoneum/other organs 


Colon 


T1 


Tumour invades mucosa or submucosa 


Rectum 




T1a size <1 cm 






T1b size 1-2 cm 




T2 


Tumour invades muscularis propria or size > 2 cm 




T3 


Tumour invades subserosa/pericolic/perirectal fat 




T4 


Tumour directly invades other organs/structures and/or perforates visceral 






peritoneum 
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The Information to Extract from a Specimen 



Information requested 


Tool to app ly 


GEP-NET-specif le tool 


What is the disease 


Classification system 




name? 


WHO 2010 


How aggressive is it? 


Grading system 


Mitosis / Ki67 index 


How far has it gone? 


Staging system 


TNM 



Classification - grading - staging 
address treatment choice 



GEP-NET 

RESECTABLE OR NOT ? 




Classification - grading - staging 
address treatment choice 



Metastatic NET 



Surgery, RF, 
embolization, other 
debulking 




Lumen of 
stomach 



t> fl . 



Ce// fypes 


Substance 
Secreted 


, Mucous 
/ neck 
, ' celi 


Mucus 

(protects lining) 


Bicarbonato 


^^Parietal 


Gastrtc acid (HCI) 


cells 


Intrinsic factor 
(uà** ausorpuonj 


Enterochromaffin- 
'\ like celi 


Histamine 
(stimulates acid) 


""^^Chief 


Pepsin(ogen) 


cells 


Gastric lipase 


^""^ 0 cells 


Somatostatin 
(inhibits acid) 


G cells 


Gastrin 

(stimulates acid) 



NENs 



r 



Stomach Acid «- 



Gcefl 




Negative feedback 
of gastrin and acid 
production in the 
stomach 



Gastrin 



Parietal 
celi 



J 



+ 

SOmuladon 




Stomach NENs 



Most are well-differentiated, nonfunctioning enterrchromaffin-like (ECL) 

cellNets (ECL celi NETs) 

Fewcases expres serotonin, ghrelin, gastrin, somatostatin, PP, a-hCG 



TABLE 1. Subtypes of NETs of the Stomach 






(ìastrìc Acid 


Typical 










llvpeniastrincmia 


Secret ion 


Sta, cm 


No. Tumors 


( 'link-ai Fcatures 




Type 1 (in setting of chronic 


Yes (as a result of 


Lovv 


■ 1 


Multi focal 


Rarely invasive: endoscopie 


atropine gastntis typc A) 


achlorhvdna) 








rcmoval often adequate 




Type 2 (in setting of ZES) 


Yes (as a result of ectopie 




<1 


Multi foca 1 


Rarely invasive; may respond 




gastrin sccretion) 








to somatostatin analotis 




pc 3 hporadic) 


No 


Normal 


>1 


Solitarv 


Frequently invasive 














and nx-tastatic 
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Duodenum-Proximal Jejunum 

NENs 



Non-MEN1 -associateci duodenal NET: 

- gastrin producing NET(46%) 

- som atostati n- producing NET(18%) 

- a small polypoid tumor within the submucosa 

- first part of the duodenum 

MENI -associateci duodenal NET: 

- duodenal gastrin-producing NETs in 25-33% 

- multiple and tiny 



* 47% of gastrin-producing NETs cause ZES 



MENI 

Pituitary 
adenoma 

Parathyrold 
hyperplasia 



Pancreatica 
tumors 



MEN 2A MEN 2B 




Parathyroid 
hyperplasia 

Medullary 

thyroid 

carcinoma 



Mucosa I 
neuromas 

Marfanoìd 

body 

habitus 

Medullary 

thyroid 

carcinoma 



Pheo- 

chromo- 

cytoma 



Pheo- 

chromo- 
cytoma 



The gastrinoma triangle 



Uattnrvoma Tn-angte 



1. Junction of cystic duct and CBD 

2. Splenic vein to SMV (neck of pancreas) 

3. Sweep of the C-loop of the duodenum 



D-2 

(23/72 = 32%; 



D-4 

(4/72 = 6%) 



Pan tal 
(11/23 = 48%) 



Pan body 

(5/23 = 22%) 
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Does Primary Lymph Node Gastrinoma 

Exist? 

Gastrinoma tissue has been found frequently in lymph nodes 
locateci near the duodenum without a known primary tumor. 

Therefore, it has been suggested that a primary lymph node 
gastrinoma exists. 



Does Primary Lymph Node Gastrinoma 



Exist? 

Gastrinoma tissue has been found frequently in lymph nodes 
located near the duodenum without a known primary tumor. 

Therefore, it has been suggested that a primary lymph node 
gastrinoma exists. 

NO ! 



Look for Occult Microgastrinoma (duodenum > pancreas) 



Distai jejunal-ileal NETs 

Terminal ileum 

Single or multiple small sessile nodules, between 1 and 2 cm 
Most are serotonin-producing EC-cell NETs 
Carcinoid syndrome: serotonin effects when tumors metastasize to the liver 
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Current therapeutic targets in the neuroendocrine tumor celi 
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Receptors 
- SSTRs 

• Dopamme 
receptors 

• TGFR1 
EGFR 

IFN receptors 
IGFR 
PDGFR 
C-Kit 
RET 



• HER2/neu q 

o o 



Vessei and endolheliai cells White cells 



Rindi, G. & Wiedenmann, B. (2011) Neuroendocrine neoplasms of the gut and pancreas: new insights 

Nat Rev. Endocrinol. doi:10.1038/nrendo. 2011.120 




Molecular pathology-NEN 




Overall the balance of such events suggests an important role for this signaling pathway in PETs. 
Notably, mutations of TSC1/TSC2 and PTEN may reduce the negative effect of hypoxia on the 
mTOR pathway. 



